Of the albumins, prolamines, glutelin and glutelin-like proteins, the salt-soluble globulin is considered the main storage seed protein in Amaranthus hypochondriacus *'1^However, scientific literature on the purification, polypeptide composition, and physicochemical nature of this protein is limited. The purpose of this paper was therefore to develop a 2281 purification procedure and to elucidate the above properties of the salt-soluble globulin from A. hypochondriacus.
Materials and Methods
Materials. Non-heat treated milled flour of Amaranthus hypochondriacus K343 marketed under the trade name Ambake Lot No. 1010 was purchased from American Amaranth Inc. (Bricelyn, ML). The material was mixed and quartered in order to ensure a homogeneous/representative composite sample and was stored in sealed polycarbonate containers at room temperature throughout the study. A Separon Hema-Bio 1000 DEAE anion exchange column was obtained from Fisher Scientific (Toronto, ON), while Sephacryl S-300 Super fine gel permeation media and high molecular weight calibration proteins were products ofPharmacia LKB(Montreal, PQ). Gradient 8-25% and 7.5% polyacrylamide (PAA) gels and calibration proteins were also products ofPharmacia LKB (Montreal, PQ) .
All other reagents and chemicals were of AR or HPLC grade from Sigma (St. Louis, MO.), Aldrich (Milwaukee, WI.) or Fisher Scientific (Toronto, ON).
Sample preparation. The amaranth flour was defatted with cold HPLCgrade acetone in the ratio of 1 : 10 (w/v), (flour/acetone). The mixture was mechanically stirred in a sealed 2-1 glass container for 36hr at -20°C. This was followed by three additional extractions with cold acetone. The pooled extracts were dried under a stream of pure nitrogen gas or alternatively under reduced pressure. The defatted meal was immediately stored desiccated at -20°C Purification of globulin. A Sephacryl S-300 Super fine (2.5 x 95 cm) gel filtration column with a molecular weight fractionation range of 10,000-1,500,000 was packed and equilibrated with three bed volumes of the above extraction buffer. Blue dextran was used to measure the void volume. A standard curve was generated using the following proteins: ferritin (440,000 daltons), catalase (232,000), aldolase (158,000), and cytochrome c (12,400). A 2.5-ml sample containing 30 mg of the crude globulin extract was put onto the gel filtration column. Protein fractions were eluted from the columnat roomtemperature (22°C) at an isocratic flow rate of20 ml/hr with a Peristaltic Instruments Inc. (Fullerton, CA.). Linear plots of the log molecular weight versus relative mobility (Rm) were constructed. Themole fraction of subunits/protomers was measured and calculated by the method of Yamagishi et al.16) Native-PAGE electrophoresis. The purified globulin was reconstituted to 3mg/ml in a 20mMphosphate buffer of pH=7.50 and 1//I was put on PhastGel 7.5% polyacrylamide (PAA) gels with native buffer strips. The separations and subsequent scannings, were done as described earlier. Preparative gel electrophoresis was also done using the native-PAGE system of Davis17) on 7% polyacrylamide slab gels. Circular dichroic spectroscopy (CD). Circular dichroic measurements were done in the far-UV (190-250nm) on 0.01% protein/buffer solutions (32.5 mMK2HPO4/2.6mM KH2PO4), pH 7.5, using a Jasco J-600 Spectropolarimeter (Japan Spectroscopic Co., Ltd., Tokyo, Japan) with a cell path length of 0. 1 cm. Secondary structure was determined using the Jasco Protein Secondary Structure Estimation Program (Japan Spectroscopic Co.).
Results and Discussion
Unreduced amaranth flour yielded approximately 10-12mg of crude globulin per gram of defatted meal. Extractability was not appreciably increased when done in the presence of reducing agents such as /}-mercaptoethanol or dithiothreitol. The solubility of crude globulin extract in the phosphate/ NaCl extraction/eluent buffer was approximately 15%, expressed as the percent ratio of soluble protein to total protein content. Figure   1 respectively.
Konishi et aL1X) reported the presence of a single amaranth globulin peak (corresponding to fraction 2b in this study) with a S°20, w=12.7 and with an apparent molecular weight of 440,000 as determined by a one point column calibration with ferritin.
Fraction 3 accounted for 15% of the recovered protein and was thought to be composed of water-soluble albumins since they also appeared in the gel filtration chromatogram of the water-soluble proteins and gave a similar overall SDS-PAGEfingerprint. Anion exchange chromatography indicated the presence of six charge-distinct components in the crude globulin extract (Fig. 2) . The fact that the globulin component appeared as a minor peak in the total crude globulin extract is reconciled by the fact of its limited solubility in the low ionic strength starting buffer. Further purification of the gel filtration products by anion-exchange chromatography-namely of 2a and 2b, yielded two chromatograms (Figs. 3 and 4) each with one well-resolved peak. Each of these fractions were eluted at about 0.ll m NaCl. Monitoring of these elution profiles at both 235 and 280nm allowed for the identification/confirmation of these peaks as being proteinaceous since the difference be- hypochondriacus (see Fig. 1 ).
tween the two absorbances is attributed primarily to the absorption of the peptide bond.13) Figure 5 shows the densitometric scans of SDS-PAGE gels of fractions 2a and 2b. The latter (2b) was classified as a hetero-oligomer composedof a non-equimolar ratio of an odd number ofpolypeptide chains {i.e., five) due to the differential staining of subunits (Fig. 5 ). Further investigation, however, demonstrated that this fraction was in fact composedof two moieties, each containing an even number of subunits (discussed in later segments of this paper). The finding was consistent with the hypochondriacus (see Fig. 1 ). a Molecular masses reported to the nearest 500 daltons (see Figs. 5 and 7 ). -, no band recovered. b Obtained from the fractions appearing in Fig. 1 c Obtained after extraction of the two moieties from native page electrophoresis. This finding is significant in view of the fact that attractive forces responsible for holding protomers together involve such weaksecondary forces as hydrogen bonding, and hydro- Fig. 6 . Densitometric Scans of Native-PAGE Gels of Globulin Fractions 2a (Polymeric Form) and 2b of A. hypochondriacus (see Fig. 1 ) with Photographic Inlay of the Gel.
phobic and/or van der Waals interactions.lb) Dissociations mediated by the disruption of covalent bonds, namely the alkaline hydrolysis of the disulfide linkages at pH 8.30, would be unlikely, since the rate of such hydrolysis has been shown to decrease ten-fold for every pH unit below that of ll.27'29)
Amino acid analysis of the amaranth globulin showed the presence of high levels of acidic amino acids, namely aspartic and glutamic acids (Table II) Repulsive forces between subunits could then result from an increase in the number of negatively charged moieties coupled with the deprotonation of the a-amino groups with increasing pH. Figure 7 shows the densitometric scans of SDS-PAGE of the two bands (I and II) composing fraction 2b after separation and individual extraction from preparative native-PAGE.These results indicated that fraction 2b (a hetero-oligomer) dissociated into a hexamer (band II) in a non-equimolar ratio to the major component, i.e., band I, a tetramer (Table I) .
It is interesting to note that although the hexamer had a greater number of subunits indicating an apparent higher molecular weight than the tetramer, it had a slightly higher electrophoretic mobility. Hedricks and Smith34) reported that the net charge of proteins is an important determining factor in overall electrophoretic mobility and, in select cases, can overide any sieving-out effect, especially at the gel concentrations commonlyused (Fig. 6) . Interestingly, this protein did not undergo the alkaline-induced dissociation as observed for the latter. It was hypothesized that since 2a had been shown to be of higher molecular weight than 2b by gel filtration chromatography and had a higher molecular weight subunit, some sort of polymerization reaction may have taken place. This was based on the fact that the subunit pattern of fraction 2a and that of the hexameric moiety of fraction 2b were similar. The dissociation and reassociation behavior of many oligomeric plant proteins have been well documented15'26~~28) and have been attributed to changes in pH which modify the surface distribution of charge37) or changes in the ionic strength which dilute or enhance attractive/repulsive charge interactions between units composing oligomeric proteins.15'28)
Since a comparison of the amino acid composition of both fractions 2a and 2b showed the presence of 33% more cysteic acid in fraction 2a (Table II) , it was believed that some sort of interchange reaction between disulfide groups mayhave taken place and in turn produced a polymeric species. The role of a sulfhydryl-disulfide interchange reaction in protein polymerization has been extensively studied and implicated in the polymerization of the 7S soybean globulin,38) the 1 IS soyabean globulin,39) and that of the wheat flour (crude globulin fraction) was treated with NEM prior to chromatography (Fig. 8A) .
Similarly, when the unreduced extracted crude globulin was subsequently reduced and alkylated with NEM, fraction 2a decreased, indicating that the polymerization reaction was reversible (Fig. 8B) . 
